The largest number of tropical cyclones (TCs) is generated in the northeastern Pacific Basin. These storms can produce extreme precipitation (EP) in northwestern Mexico, causing loss of life and environmental damage. It is important to understand the dynamics that cause the EP associated with TCs, since most human activity requires planning to adjust to the dynamics of local climate changes. Therefore, in this work the goal was to estimate the trends and return periods of the average annual daily extreme precipitation (AADEP; 95th percentile, P95) in the June-September season in the core North American monsoon. To do this, daily precipitation data from 1961 to 2000 from 48 climate computing (CLICOM) weather stations located in the core of the North American monsoon were used to determine AADEP:
Introduction
Mexico is one of the countries most affected by tropical cyclones (TCs). In 1999 the highest number of casualties (480) occurred due to hydroclimatic phenomena such as average annual daily extreme precipitation (AADEP) (≥ 95th percentile, ≥ P95) and TCs. The largest number of TC's in the world occurs in the northeastern Pacific basin [1] , and the core North American monsoon (CNAM) is characterized by a climate that is arid and semiarid with the greatest rainfall variability in the North American monsoon (NAM) [2] [3] (Fig. 1) . In coastal and mountainous areas in particular, the AADEP can cause a high risk of erosion and loss of soil nutrients, floods, and human casualties [4] [5] . In the CNAM the main economic activities (agriculture and industry) are planned and organized taking into account seasonal precipitation in summer (June-September), when about 70% of total annual precipitation falls. It is one of the most important sources of moisture, which makes the states located in this region (Sinaloa and Sonora) the most productive agricultural region of Mexico. This area has 10 dams for irrigation, power generation, and domestic water supply [6] . AADEP in the CNAM can be caused by the occurrence of positive anomalies of the Pacific decadal oscillation (+PDO) simultaneously with negative anomalies of the Atlantic multidecadal oscillation (-AMO) given the convective activity from monsoons caused by a strong land-sea thermal contrast and surface heating of moist air along the western slope of the Sierra Madre Occidental (289,000 km 2 , length 1,400 km, width 150 km, elevation 500-3,500 m a.s.l., and average elevation 2,440 m a.s.l.) [7] [8] [9] . Increases in positive anomalies of relative humidity, surface temperature, SST and negative anomalies of radiation are environmental phenomena that can take place in the NAM and can cause the highest precipitations in the CNAM [10] [11] [12] [13] , which is common during the summer and influenced by the NAM and events from TCs. Recently, it has been argued that one of the biggest impacts of climate change will result from increased AADEP with return periods that can happen at any time, anywhere on the planet [14] . Within the study area, in northwest Mexico, according to [6] , for the period 1962-2013, significant upward trends in temperature have been identified, which could lead to increased trends of AADEP and promote adjustments in scheduling and organization of the economic activities in the region, in search of hydrological-food sustainability [15] . Undoubtedly, there are indicators of regional and local climate changes to which society must adapt, but first these changes must be understood in order to adjust to the new mechanisms of life. Given the issues raised, the goal of this work was to estimate trends and return periods of AADEP in the CNAM and examine the roles of anomalies in SST (SST an ), surface temperature (Stemp an ), Pacific decadal oscillation and Atlantic multidecadal oscillation (PDO an vs. AMO an ), geopotential height to 500 mb (Z500 an ), outgoing longwave radiation (OLR an ), and average relative moisture (Mrel ave ) before and during the beginning of TC events in the northeastern Pacific.
Materials and Methods

Study Area
Out of a total of 69 weather stations of the climate computing (CLICOM) database for the period 1903-2011, only a dataset for the period from 1961 to 2000 from 48 weather stations was used (25 in Sinaloa, 13 in Sonora, and 10 in Chihuahua). Thirty weather stations (21 in Sinaloa, eight in Sonora, and one in Chihuahua) at elevations ranging from 4 to 482 m a.s.l. are located in flood plain areas (≤ 500 m a.s.l.) and 18 weather stations (four in Sinaloa, five in Sonora, and nine in Chihuahua) with elevations ranging from 521 to 2,279 m a.s.l. are located in mountainous areas (> 500 m). The period of time selected for analysis was justified in that only these weather stations met the requirement of a minimum percentage of daily precipitation data available (≥ 95%) and absence of errors (Fig. 1) . A visual inspection was used to compare values with data from neighboring stations (≤ 25 km), in order to validate the presence of outliers and analyze the information characteristic of the presence of TCs; only the values that were not associated with TCs were rejected. Table 1 shows the precipitation distribution at CNAM weather stations in a downward bias with respect to elevation, which also was identified by [11, 16] .
Average Annual Daily Extreme Precipitation (AADEP)
Summer AADEP (1 June to 30 September) was characterized for each of the 48 weather stations using the criteria of [17] [18] , which state that the precipitation associated with TCs are derived from a storm center located ≤ 550 km (5° latitude) from the perimeter of the Atlantic Multidecadal Oscillation (-AMO), weak La Niña in the eastern equatorial Pacific, positives in Caribbean Sea temperatures (SST>28.5ºC) and a strong land-sea thermal contrast in northwestern Mexico. The synoptic conditions were created two weeks before the start of TCs. This work sheds new light on the dynamics of return periods of EP and P95 trends associated with TCs, and on current and future simultaneity between anomalies of the +PDO and -AMO, which are essential characteristics for knowledge of TC for one of the regions most affected by these phenomena worldwide.
CNAM. On this basis, a classification of the precipitation as associated or not associated with TCs was constructed. To do so, the trajectories of the eastern Pacific TCs were obtained from the Unisys data set (http://weather.unisys. com/hurricane/e_pacific/index.html) and were verified against the database of the National Hurricane Center (www.nhc.noaa.gov/pastall.shtml). Moreover, although the trends of AADEP associated and not associated with TC's were estimated for the period 1961-2000, only data since 1971 were analyzed separately, because the data since 1970 are more reliable, since from that time forward the intensity has been estimated by the Dvorak technique based on satellite imagery [19] .
95
th Percentile (P95), 99 th Percentile (P99), and PDO and AMO Trends
To identify and quantify the non-parametric trend of the contribution and intensity of P95 in coastal and mountain sites, the Mann-Kendall [20] methods were applied using the paleontological statistics (PAST) computer program version 3.08 developed by [21] , and Sen's slope method [6, 22] using Microsoft Excel version 2013. In coastal and mountain weather stations, linear trends of the contribution and intensity of average P95 associated and not associated with TCs, as well as trends in PDO and AMO anomalies, were calculated by the least squares method. The level of statistical significance used in all processes was α = 0.05 (95%).
Average Annual Daily Extreme Precipitation (AADEP) Return Periods
To calculate the return periods of events associated and not associated with TCs, the Gumbel distribution function was applied, since according to [23] [24] , this is the distribution function most recommended for extreme precipitation values due to its high statistical reliability [25] . For processing this function we used Microsoft Excel version 2013.
Synoptic Conditions Associated with P95 of TCs
To examine the role played by SST an at the beginning of AADEP events, optimal data interpolation was used on the weekly and satellite SST merged dataset (OISSTV2) [26] , with a resolution of one degree for data available since 1981. The data reported in the OISSTV2 system, specifically for the Gulf of California, were analyzed with some discretion because they do not have complete resolution. In addition, anomalies of surface temperature (Stemp an ), geopotential height to 500 mb (Z500 an ), outgoing longwave radiation (OLR an ), and average relative moisture (Mrel ave ) were analyzed. These were obtained from the reanalysis database of the National Center for Environmental Prediction/National Center for Atmospheric Research (NCEP-NCAR) [27] for 1981-2000, which was constructed of compounds of average daily atmospheric variables NOAA/CDC (www.cdc.noaa. gov/Composites/Day).
Statistical Validation
Using a significance level of α = 0.05 (95%) and value of R 2 < 1, a linear regression was applied to AADEP between the calculated grouped P calc of weather stations and the observed P obs obtained from the processed data (daily average compound of the NOAA/CDC) for 1981-2000. Before performing linear regression, the Pearson type III normality test was applied to determine the normality of both groups. This test was used because it is one of the most powerful tests of normality when climatic data are used [28] .
Results and Discussion
Average Annual Daily Extreme Precipitation (AADEP)
According to [5] . The results show that the coastal stations had the percentiles with the highest values, and they decrease with increased elevation, which also was identified by [13] for the same study area (Fig. 2a and Table 1 ). This bias is attributed to the complexity and diversity of the spatial distribution of precipitation in this large area [29] , which is mainly produced by the topography variables (elevation, slope, and aspect). The result is indicative of the presence of strong climate gradients that are not usually identified or are difficult to capture with precise measurements from the weather stations. Moreover, this bias is attributed to the fact that in the stations in high mountain areas, the density of the monitoring network is usually low, mainly due to difficult access to these areas [30] [31] .
95
The average annual cumulative precipitation did not show a significant non-parametric trend. This is similar to what was reported by [6] , who found that of a total of 16 weather stations in the core of the North American monsoon system, only two stations had a significant decreasing trend in cumulative annual precipitation (Sinaloa = -9 mm yr -1 and Sonora = -8 mm yr -1 ), and one weather station had a significant increasing trend in cumulative annual precipitation (Chihuahua = 15 mm yr -1 ). Precipitation associated with TC's showed an upward linear trend since 1978 with contribution percentages of P95 ranging from 2.34% in 1991 to 20.03% in 1982 (Fig. 2b) . These upward trends from 1978 to 1991 are directly proportional to the rates of precipitation in the study area and therefore the magnitudes tending to increase in positive slopes are indicative of records with the highest level of precipitation [32] [33] . One can therefore say that linear patterns of increase on slopes indicate drastic and heavy rates of precipitation and are associated with changes in precipitation and temperature that can be associated with intense hurricanes. An event that validates these observations is Hurricane Paul, which occurred in 1982 (Fig. 2c) . This was associated with a simultaneous higher occurrence of positive anomalies of PDO (+PDO) and negative anomalies of AMO (-AMO) since 1976 (Fig. 2d) , which, according to [9, [34] [35] , is a phenomenon that generates heavy precipitation in northwestern Mexico. Since 1975, a decrease was observed in the contribution of P95 precipitation not associated with TCs with values ranging from 3.15% in 1983 to 22.20% in 1998 (Fig. 2) . This also agrees with the results of [36] , who found that while the intensity of summer precipitation in Sonora state increased significantly since 1977, in association with the +PDO phase, the monsoon season became shorter, resulting in a non-significant upward trend in precipitation [10] (Figs 2a-c) . The linear trend of the percentage contribution of P95 associated with TCs was significantly increased (0.86% decade -1 , p<0.05) during the period 1961-2000 (Fig. 2) . This can be corroborated by the results of [37] , who state that summer precipitation associated with TCs can contribute 50% to 71% to the annual cumulative precipitation of a region. In Fig. 2b , it can be seen that the contribution from P95 not associated with TC's in 1974, for the case in the mountain stations, had the highest record with 21.32%, and for 2000 the greatest contribution from P95 associated with TC's with 15.24% occurred. The major contributions of P95 associated with TCs occurred in the time periods 1982-85, 1987-90, 1992, and 2000, which seems to explain the significant increase in the intensity of P95 in mountain stations (Figs 2a and 2c) [37] . Also, according to [34, 38] , the intensity of extreme summer precipitation in the plateau in northern Mexico (east of CNAM), has increased significantly, which is related to the greater contribution by P95 associated with TCs and with the respective occurrence of +PDO and -AMO anomalies (Figs 2a-d) .
The percentage contribution of P95 in coastal stations was insignificant, mainly because the coastal areas are commonly affected by the passage of easterly waves and of TCs in mountain sites [11, 31] . For example, in the 1990s mountain sites received less intense precipitation associated with the monsoon; however, in this same area there were heavy precipitation events associated with TCs that resulted in large water contributions to the mountain area in the early 1990s, which was captured in the 10 large existing dams for agricultural activity. This transformed the 1990s into one of the more prolific decades in history, which is documented in previous piezometer studies in the region [38] . Of 13 TCs recorded in the study area during the summer in the period 1961-2000, five made landfall and four occurred in the 1990s [39] . The effects of hurricanes with increasing precipitation, trends which have been identified in the period 1981-2000, were also reported by [40] : "Hurricanes of major intensity contributed in irrigation districts 063 and 065 with a hydraulic loading of 25 m, which was registered for the first time in 30 years with a recovery of 1.2 m in the 1990s." These five hurricanes were Lidia (September [8] [9] [10] [11] [12] [13] [14] 1993 , which occurred during a neutral event), Ismael (September 12-15, 1995, during a neutral event), Fausto (September [10] [11] [12] [13] [14] 1996 , during a neutral event), and Isis (September 1-3, 1998, during a La Niña event), and only one cyclone event in the period September 18-30, 1982 , which occurred during a strong summer El Niño. These results are similar to those reported by [33, 39] , who found that there was a strong El Niño event in 1982 and La Niña events in late 1990. They also claim that extreme daily precipitation in a region tends to increase from anomalous effects in a La Niña event and not so much in an El Niño. According to the National Water Commission [41] , in the period 1980-2003, Sinaloa was the second most affected state of Mexico -behind only Baja California Sur -by the passage of TCs. Although the state of Sonora is contiguous to Sinaloa, it was the 14 th most affected state. According to these statistics, with the values of AADEP associated with TCs (Figs 2a and 2b) , potential damage such as floods, water erosion, loss of human life, and other effects in the study area can be estimated [5] .
Synoptic Conditions Associated with P95 of TCs
Significant upward trends of the contribution of P95 in mountain sites appear to be related to the presence of TCs -especially in the 1990s. This explains the role played by synoptic conditions associated with P95 before and during the occurrence of TC events [42] .
TC compounds that can generate events of P95 in southern Mexico are observed three days before the onset ) starting at -3d; b) As a), but starting at -1d; c) Sea surface temperature SST an (°C) starting at 1d; d) Relative moisture Mrel ave (%), starting at 1d; e) Surface temperature Stemp an (°C), starting at -14d; and f) As e), but starting at -7d. of extreme precipitation. They are generally observable in the configuration made for the contribution to events of high positive anomalies of Z500 an and negative anomalies of OLR an [43] (Figs 3a-b) . In the eastern equatorial Pacific (the El Niño 3 region), neutral negative La Niña anomalies (-0.5ºC; Fig. 3c ) that favor cross-equatorial flows, westerly winds, and increased summer precipitation in southern Mexico [12, 43] add greater precipitation in the southern part of the CNAM [44] . From these results, it is clear that the system of TCs produces subsidence over the southwestern United States (partially reflected in the positive Z500 an pattern) and cooling in the eastern Pacific off the coast of Mexico [43] (Fig. 3c) , thus increasing the magnitude of land-sea thermal contrast, which in turn increases the availability of moisture (Fig. 3d) for a distribution of storms along the Mexican Pacific [5, 39, 42] . The positive anomalies of Stemp an (>0.5ºC) in northwestern Mexico suggest a positive land-sea thermal contrast [3, 45] (Figs 3e-f) . The synoptic conditions of Fig.  3 intensify the land-sea thermal contrast near the Gulf of California (Fig. 3b) , which generates convective systems and heavy precipitation in the CNAM [5] . In the central region of the CNAM, the highest number of frequencies of P95 associated with TCs occurred in September, which originated when the intensity of the SST of the Western Hemisphere warm pool (WHWP) showed maximum anomalies of SST an > 28.5ºC (Fig. 3c) [3, 46] . Although this work is applied in the CNAM, the paper presents an approach that can serve as a diagnostic tool or application to hydrologists and other scientists of climate change at the continental or global levels, mainly by the effects of global warming.
Return Periods of Average Annual Daily Extreme Precipitation (AADEP)
Return periods, the probability distribution function of Gumbel and P95 and P99 of AADEP associated and not associated with TCs, can be seen in Table 2 . P95 and P99 of AADEP associated with TCs (P95 = 47.65 mm yr -1 and P99 = 74.86 mm yr -1 ) was greater than P95 and P99 of ), which is attributed to the fact that AADEP associated with TC's have shown an upward trend, especially in the 1990's, in which five of the 13 TC's in the 1990s made landfall in the CNAM. Fig. 4 shows return periods for 2, 5, 10, 25, 50, 100, 200, and 500 years and the intensity of precipitation associated and not associated with TCs [47] . As a forecast and according to the results, the highest intensities of AADEP are recorded in the return periods 25, 50, 100, 200, and 500 years, so the intensities of precipitation associated with TCs will be greater than those not associated with TCs (Fig. 4) . This behavior was associated with the positive trend of continued growth of the intensity of the contribution of P95 in mountain stations and to simultaneous +PDO and -AMO anomalies mainly in the 1990's [34] [35] . According to [47] , knowing the return periods of extreme daily precipitation in a region can contribute to the development of mitigation and adaptation strategies to help assure food sustainability and decrease human casualties.
Statistical Validation
The Pearson Type III normality test produced coefficients of skewness of 0.09 and -0.04, respectively, for P calc and P obs . A linear regression between P calc and P obs (Figs 5a and 5b) had a correlation coefficient of r = 0.94 and a determination coefficient R 2 = 0.89. This is similar to what was reported by [6] , who estimated a correlation of r = 0.90 between cumulative annual precipitation calculated using data from weather stations and observed bibliographical data.
Conclusions
There is a significant nonparametric upward trend in the intensity of P95 in mountain sites in 1961-2000. There was simultaneity in the +PDO and -AMO anomalies, which may be related to a greater contribution of P95 associated with TCs, mainly in the 1990's. In coastal sites, the contribution of P95 associated and not associated with TCs did not show significant trends. In the period 1981-2000, contributions of P95 associated with TCs were characterized by persistent negative anomalies of Stemp an , which is similar to weak La Niña conditions. They were also characterized by the presence of anomalies of Stemp an >28.5ºC in the WHWP area of the Caribbean Sea, as well as by a strong thermal land-sea contrast between northwestern Mexico and the southwestern United States and the eastern Pacific two weeks before the start of the TCs. The results of return periods in the CNAM are a new scientific contribution in the most important agricultural region of Mexico. There is an upward trend in AADEP in the period 1978-91, which is directly proportional to the precipitation regimen associated with TCs in the study area. The high AADEP are associated with the simultaneous occurrence of +PDO and -AMO anomalies since 1976. Since 1975, a decrease in the contribution from P95 not associated with TCs has been observed, with values from 3.15% in 1983 to 22 .20% in 1998 and a steady increase of P95 intensity in mountain stations, resulting in a non-significant upward trend of monsoon P95. In the periods 1982-85, 1987-90, 1992 , and 2000, the major contributions of P95 associated with TCs were observed, and these seem to explain the significant increase in the intensity of P95 in mountain resorts. The intensities of P95 associated with TCs will be greater than P95 not associated with TCs, and will be recorded in return periods of 25, 50, 100, 200, and 500 years. Although this work is applied in the CNAM, this paper presents an approach that can serve as a diagnostic tool or application to hydrologists and other scientists of climate change at continental or global levels, mainly by the effects of global warming.
